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The bone response to different calcium phosphate (Ca-P) coated and non­
coated titanium implants was evaluated in a goat animal model. Two types 
of Ca-P coatings have been investigated: an experimental plasma-spray bi­
layered Ca-P coating (FA-HA) and an amorphous RF magnetron sputter 
coating (Ca-P-a). Fifty-four conical screw shaped implants were inserted in 
the lateral and medial femoral condyles of 18 Saanen goats, After implanta­
tion periods of 3, 12 and 24 clays, the bone-implant interface was evaluated 
histologically and histomorphometrically. Light microscopical evaluation 
revealed that bone formation on the Ca-P coated implants proceeded faster. 
At 24 days higher percentages of bone contact were measured for both Ca-P 
coated implants than for non-coated implants. However, this difference was 
only significant for the FA-HA coated implants, On basis of these findings, 
we concluded that Ca-P coatings show improved bone response due to an 
initial difference in bone cell response.
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It has generally been accepted that calcium phosphate 
(Ca-P) coated implants induce a foster bone adapta­
tion and improved bone healing (Dhert et al. 1993; 
Cook et al. 1988; Gottlander et aL 1992; Caulier et al. 
1995, 1996; Hulshoff et al. 1996a). Currently, the 
plasma-spray technique is the most widely used tech­
nique for the deposition of Ca-P ceramic coatings 
(Wolke et al. 1992; Dalton & Cook 1995). However, 
recently, some concerns have been raised about the 
safety and clinical prognosis of plasma-spray Ca-P 
coated oral implants (Wheeler 1996). Failures have 
been reported, which mainly have to do with the deg­
radation and fatigue behavior of these coatings 
(Frayssinet et al. 1995; Bloebaum & Dupont 1993; 
Bloebaum et al. 1994). This can hamper the further 
use of Ca-P implants. Consequently, experiments are 
started to improve the biodégradation of plasma- 
sprayed Ca-P ceramic (Klein et al. 1993). For exam­
ple, to increase the stability, additional heat treatment 
procedures and various Ca-P powder compositions 
are used. The rationale behind these modifications is, 
that degradation is related to the structural properties 
(amorphous vs crystalline) of the coating. On basis of 
the different studies, de Groot et al. (1994) concluded
that high coating crystallinity does not improve com­
patibility, but rather reduces the bioactivity compared 
with amorphous coating. Therefore, he suggested that 
perhaps the most optimal coating should consist of: 
(a) an amorphous outer layer for the bone healing, 
and (b) a crystalline inner layer to reduce the degra­
dation.
Besides plasma-spraying, also other techniques 
can be used to produce Ca-P ceramic coatings. For 
this purpose, since 1991, in our laboratory efforts 
have been made to the development of the so- 
called RF magnetron sputter method. The advan­
tages of this process are that the deposited films 
are very thin (100 nm-4 pm), well-defined in 
structure and composition, and strongly bonded to 
the underlying metal substrate. Previous cell cul­
ture and animal experiments (Hulshoff et aL 1995, 
1996b) already showed the biological feasibility of 
this type of coating.
Finally, it has to be noticed that, despite the fre­
quently described favorable bone reaction, the reason 
for the beneficial effect of Ca-P ceramic is still not 
completely understood. It is only suggested, that 
events in the cellular and tissue response during the
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initial healing phase are responsible (LeGeros & 
Craig, 1993).
Therefore, the aim of this investigation was to 
compare the early interfacial response to two alterna­
tive Ca-P coated implants with a non-coated control.
Materials and methods
Implant materials and coating characteristics
Fifty-four tapered, conical, screw shaped dental 
implants (Biocomp® Industries) were used. All im­
plants measured 10.0 mm in length. Thirty-six im­
plants had a diameter of 4.0 mm and 18 implants 
had a diameter of 3.9 mm. The implants with a 3.9 
mm diameter were grit-blasted to a roughness of 
Ra = 4-5 |im, as determined by roughness mea­
surements with a profilometer. They were cleaned 
ultrasonically in propanol, and dried at 100°C. 
Subsequently, these implants were provided with 
an approximately 60 |um Ca-P coating using a plas- 
ma-spray process, An experimental bilayered Ca-P 
coating was deposited. The inner 30 \xm consisted 
of crystalline fluorapatite (FA) and the outer 30 \im 
of amorphous hydroxylapatite (HA). The final sur­
face roughness of these FA-HA coatings was Ra = 
9.59 |im. Further, of the implants with a diameter 
of 4.0 mm, 18 were left uncoated (cpTi) and 18 
were provided with an amorphous Ca-P (Ca-P-a) 
coating using a radiofrequency (rf) magnetron 
sputter process (van Dijk et al. 1995a, 1995b; 
Wolke et al. 1994). These implants were not grit- 
blasted, but were argon-etched before sputter coat­
ing. The produced coatings had a thickness of 2—4 
|im. Final roughness for cpTi and for Ca-P-a im­
plants was respectively: Ra = 0.44 \im and Ra =
0.40 jim. The final diameter of all implants was 4.0 
mm (± 0.1 mm). The chemical composition of the 
coatings was confirmed by X-ray diffraction 
(XRD), Fourier transform infrared spectroscopy 
(FTIR) and Rutherford backscattering spectrome­
try (RBS) (Hulshoff et al. 1996a).
Before implantation, all implants were sterilized 
by autoclave.
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Experimental design and surgical procedure
Eighteen healthy, mature (2-4 years of age), female 
Saanen goats, weighing about 60 kg were used. Pri­
or to the experiment, blood samples of the goats 
were taken to ensure that the animals were Caprine 
Arthritis Encephalitis free. All animals were housed 
in a stable.
The implants were inserted into the trabecular 
bone of the femoral condyle. The operation was per­
formed under general anaesthesia. The anaesthesia 
was induced by an intravenous injection of pento­
barbital and maintained by ethrane 2-3% through a 
constant volume ventilator, administered through an 
endo-tracheal tube. The goats were connected to a 
heart monitor. To reduce the risk of peri-operative 
infection, the goats were treated according to the 
following doses of antibiotics:
•before the operation: Albipen 15%, 3 ml/50 kg s.c.
• one day after the operation: Albipen LA, 7.5 ml/50 kg s.c.
• three days after the operation: Albipen LA, 7.5 ml/ 
50 kg s.c.
For the insertion of the implants, the animal was 
immobilized on its back and the hind limbs were 
shaved, washed and disinfected with povidone-io- 
dine. A longitudinal incision was made on the medial 
and lateral surface of the left and right femur. After 
exposure of the femoral condyle, 1.6 mm pilot holes 
were drilled. These holes were gradually widened 
with different drills to the final diameter (4.0 mm) of 
the implant. The bone preparation was performed 
with a very gentle surgical technique, using low rota­
tional drill speeds (max. 450 rpm) and continuous 
and external cooling. Following insertion of the im­
plant the skin was closed using Vicryl 3-0 sutures.
A total of 54 implants were placed: 18 uncoated 
cpTi, 18 coated FA-HA, and 18 Ca-P-a implants. 
Each goat received 3 implants. The implants were 
inserted following a balanced split plot design, with 
one vacant position.
The protocol did foresee to kill 6 goats after 3 
days, 6 after 12 days and 6 after 24 days using an 
overdose of Nembutal®.
three coronal T  
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Fig. 1. Schematic drawing o f the tapered conical screw type im­
plant. Percentages o f bone contact were determined at 4 different 
areas of interest.
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1995b, 1996). In a recent study, Gotfredsen et a l 
(1995) even claimed that a rough surface is a pre­
requisite for the successful implantation in bone of 
low quality or quantity. Consequently, it can be sup­
posed that roughening of the implant surface togeth­
er with a thin Ca-P sputter coating will increase the 
bone apposition to the same level as for rough plas­
ma-sprayed coatings. More research is necessary to
confirm this theory.
Notwithstanding the better response to the Ca-P 
coated implants we have to mention that this differ­
ence in surface roughness can also be responsible 
for the lower amount of bone contact to the cpTi im­
plants. This suggestion is supported by the findings 
of Courtney et al. (1995) and Gomi et al. (1993). 
They demonstrated that the amount and distribution 
of mineralized bone matrix is influenced by the sub­
stratum surface roughness.
The difference in bone contact between areas 1 
and 2 and areas 3 and 4 is probably due to the surgi­
cal procedure. In the histological evaluation we ob­
served that the implants were not always in contact 
with the bottom of the drilled hole. The apical part 
of the implant has a conical shape. Incomplete posi­
tioning resulted in a small apical gap between im­
plant and bone. Evidently, this reduced fit of the im­
plant can be responsible for the lower percentage of 
bone apposition.
Finally, some critical remarks have to be made 
about the degradation of the used bilayered FA-HA 
coating. The amorphous outer layer was designed to 
improve the bone reaction. The purpose of the crys­
talline inner layer was to stay in place in order to 
maintain the optimal functioning of the implant. On 
the basis of the bone contact measurements, it ap­
peal's that the amorphous layer indeed fulfilled its 
role. On the other hand, we observed that the resorp­
tion was associated with a fragmentation process of 
the coating. Although this could not be related with 
a cellular response, it cannot be excluded that at the 
long-term the released particles will lead to irrita­
tion. Further, from the point of bone bonding, the 
use of a non-resorbable layer is also uncertain. Es­
pecially, because there are some indications that 
maintenance of Ca-P coatings can endanger the fi­
nal fixation of the implants due to delamination phe­
nomena (Kangasniemi et al. 1994).
Supported by the results, we conclude that: (1) the 
stronger bone response to Ca-P ceramic coatings is 
due to an initial difference in bone cell response, and 
(2) RF magnetron sputtered Ca-P coatings can im­
prove the biological capacity of oral implants. Further 
studies have to be performed to optimize the sputter 
technique. These experiments have to focus on the in­
fluence of coating composition (structure and Ca/P 
ratio), the clinically required coating thickness and 
the influence of the implant surface topography.
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Résumé
La résponse osseuse à différents implants en titane recouverts 
ou non de phosphate de calcium (CA-P) a été évaluée sur la chè­
vre, Deux types de recouvrement de Ca-P ont été analysés: Un 
recouvrement expérimental par plasma spay en double couche 
de 30 pm d’épassiseur de fluroapatite et d’hydroxyapatite (FA- 
HA) et un recouvrement amorphe de phosphate de calcium (Ca- 
P-a). Les autre implants étaient en titane non-recouvert. Cin­
quante-quatre implants en forme de vis coniques ont été insérés 
dans les condyles fémoraux latéraux et médians de dix-huit chè­
vres Saanen. Après une période d’implantation de trois, douze 
et vingt-quatre jours l’interface os-implant a été évalué histolo- 
giquement et histométriquement. L’évaluation au microscope 
optique a révélé que la formation osseuse autour des implants 
recouverts de Ca-P se faisait plus rapidement. Après vingt-qua­
tre jours de pourcentages plus importants de contact osseux 
étaient mesurés pour les deux implants recouvert de Ca-P qu’au 
niveau des implants non-recou verts. Cependant cette différense 
était seulement significative pour les implants recouverts FA- 
HA. Sur la base de ces découvertes les recouvrements Ca-P pro­
duisent des résponse osseuses améliorées dues à une différence 
initale dans Je résponse cellulaire osseuse.
Zusammenfassung
Die Reaktion des Knochens auf verschiedene kalziumphos- 
phatbeschichtete (Ca-P) und nicht beschichtete Titanimplanta- 
te wurde in einem Tierexperiment an Ziegen untersucht. Zwei 
Arten von Ca-P Beschichtungen wurden untersucht: eine ex­
perimentelle plasmabesprühte doppelschichtige Ca-P Be­
schichtung (FA-HA) und eine amorpe RF Magnetron aufge- 
spritze Beschichtung (Ca-P-a). Vierundfünfzig konische 
Schraubenimplantate wurden in die lateralen und medialen fe- 
moralen Kondylen von 18 Saanenziegen eingesetz. Nach Zeit­
räumen von 3, 12 und 24 Tagen nach Implantation wurden die 
Knochen-Implantat-Berührungsflächen histologisch und histo- 
morphometrisch untersucht. Die lichtmikroskopische Untersu­
chung ergab, dass die Knochenbildung bei Ca-P beschichteten 
Implantaten schneller voran schreitet. Nach 24 Tagen wurden 
sowohl für Ca-P beschichtete als auch für unbeschichtete Im­
plantate höhere prozentuale Werte für den Knochenkontakt ge­
messen. Jedoch war dieser Unterschied nur für die FA-HA be­
schichteten Implantate signifikant. Aufgrund dieser Resultate 
ziehen wir die Schlussfolgerung, dass Ca-P Beschichtungen 
wegen eines initialen Unterschieds in der Antwort der Kno­
chenzellen eine verbesserte Knochenreaktion zur Folge haben.
Resumen
Se evaluó la repuesta de hueso a diferentes implantes de titanio 
cubiertos y no cubiertos de fosfato calcico (Ca-P) en un modelo 
animal de cabra. Se investigaran dos tipos de cubiertas de Ca-P: 
una cubierta experimental de dos capas de plasma de Ca-P (FA-
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HA) y una cubierta amorfa de chisporroteo de magnetrón RF. Se 
insertaron 54 implantes roscados de forma cónica en los cóndi­
los lateral y medial del fémur de 18 cabras Saanen. Después de 
un periodo de implantación de 3, 12 y 24 días se evaluó histoló­
gicamente e histomorfométricámente la interface hueso implan­
te. La evaluación de microscopía óptica reveló que la formación 
de hueso en los implantes cubiertos de Ca-P se produjo con ma­
yor rapidez. A los 24 días se midieron mayores porcentajes de 
contacto óseo para ambos implantes cubiertos de Ca-P que para 
los implantes sin cobertura. De todos modos esta diferencia fue 
soló significativa para los implantes cubiertos de FA-HA. En 
base a estos hallazgos concluimos que las cibiertas de Ca-P 
muestran una respuesta óseo mejorada debido a una diferencia 
inicial en la respuesta celular del hueso.
References
Bloebaum, R.D. & Dupont, J.A. (1993) Osteolysis from a press- 
fit hydroxy apatite-coated implant; a case study, Journal of  
Arthroplasty, 8: 195-202.
Bloebaum, R.D., Beeks, D., Dorr, L.D., Savory, C.G., Dupont, 
J.A. & Hofman A.A. (1994) Complication with hydroxyapa- 
tite particulate separation in total hip replacement. Clinical 
Orthopaedics 298: 19-26.
Burr, D.B., Mori, S., Boyd, R.D., Sun, T.C., Blaha, J.D., Lane, 
L. & Parr, J. (1993) Histomorphometric assessment of the 
mechanisms for rapid ingrowth of bone to HA/TCP coated 
implants. Journal of Biomedical Materials Research 27:
645-653.
Buser, D., Schenk, R.K., Steinemann, S., Fiorellini, J.P., Fox, 
C.H. & Stich, H. (1991) Influence of surface characteristics 
on bone integration of titanium implants. A histomorpho­
metric study in miniature pigs. Journal of Biomedical Mate­
rials Research 25: 889-902.
Caulier, H., van der Waerden, J.P.C.M., Paquay, Y.C.GJ, 
Wolke, J.G.C., Kalk, W., Naert, I. & Jansen, J.A. (1995) The 
effect of calcium phosphate (Ca-P) coatings on trabecular 
bone response: a histological and clinical study. Journal of  
Biomedical Materials Research 29: 1061-1069.
Caulier, H., van der Waerden, J.P.C.M., Wolke, J.G.C., Kalk, 
W., Naert, I. & Jansen, J.A. (1996) A histological and histo- 
morphometrical evaluation of the application of screw de­
signed calcium phosphate (Ca-P) coated implants in the can­
cellous maxillary bone of the goat. Journal of Biomedical 
Materials Research, in press.
Clemens, J.A.M,, Klein, C.P.A.T, Sakkers, R.J.B., Dhert, 
W.J.A., Rozing, P.M. & de Groot, K. (1996) Healing of gaps 
around calcium phosphate coated implants in trabecular 
bone of the goat. Journal of Biomedical Materials Research, 
in press.
Cook, S.D., Thomas, K.A., Kay, J.F. & Jarcho, M. (1988) Hy­
droxy apatite-coated titanium for orthopaedic implant appli­
cations. Clinical Orthopaedics 232: 225-243.
Courtney, R.G., Kayser, M.V. & Downes, S. (1995) Comparison 
of the early production of extracellular matrix on dense hy­
droxy apatite and hydroxy apatite-coated titanium in cell and 
organ culture. Bioinaterials 16: 489-495.
Dalton, J.E. & Cook, S.D. (1995) In vivo mechanical and histo­
logical characteristics of HA-coated implants vary with coat­
ing vendor. Journal of Biomedical Materials Research 29:
239-245.
Dhcrt, W.J.A., Klein, C.P.A.T,, Jansen, J.A., van der Velde, 
E.A., Vriesde, R.C., Rozing, P.M. & de Groot, K. (1993) A 
histological and histomorphometrical investigation of fluo- 
rapatite, magnesiumwhitlockite, and hydroxyapatite plasma-
sprayed coatings in goats. Journal of Biomedical Materials 
Research 27: 127-138.
Dhert, W.J.A., Thomsen, P., Blomgren, A.K., Ericson» L.E. & 
Verbout, A.J. (1996) Press-fit placement of implants in corti­
cal bone: decrease of implant integration as a result of re­
modelling. Fifth World Biomaterials Congress, Toronto, 
Canada, 794.
Dhert, W.J.A., Klein, C.P.A.T., Wolke, J.G.C., van der Velde, 
E.A., de Groot, K. & Rozing, P.M. (1991) A mechanical in­
vestigation of fluorapatite, magnesiumwhitlockite, and liy- 
droxylapatite plasma-sprayed coatings in goats. Journal of 
Biomedical Materials Research 25: 1183-1200.
van Dijk, K., Schaeken, H.G., Marée, C.H.M, Verhoeven, J., 
Wolke, J.G.C, Habraken, F.H.RM. & Jansen, J.A. (1995a) 
Influence of Ar pressure on r.f. magnetron-sputtered 
Ca^PO^OH layers. Surface and Coating Technology 76-
77,* 206-210.
van Dijk, K., Schaeken, H.G., Wolke, J.G.C., Marée, C.H.M., 
Habraken, F.H.P.M., Verhoeven, J. & Jansen, J.A. (1995b) 
Influence of discharge power level on the properties of hy­
droxyapatite films deposited on TÍ6A14V with RF magne­
tron sputtering. Journal of Biomedical Materials Research
29: 269-276.
Frayssinet, P., Hardy, D., Hanker, J.S. & Giammara, B.L. (1995) 
Natural history of bone response to hydroxy apatite-coated 
hip prosthesis implanted in humans. Cells and Materials 2:
125-138.
Gomi, K,, Lowenberg, B., Shapiro, G. & Davies, J.E. (1993) 
Resorption of sintered synthetic hydroxyapatite by osteo­
clasts in vitro. Biomaterials 14 (2): 91-96.
Gotfredsen, K., Wennerberg, A., Johansson, C., Skovgaard, 
L.T. & H0rting-Hansen, E. (1995) Anchorage of TiO^-blast- 
ed, HA-coated, and machined implants: An experimental 
study with rabbits, Journal of Biomedical Materials Re­
search 29:1223-123L
Gottlander, M„ Albrektsson, T. & Carlsson, L.V. (1992) A his­
tomorphometric study of unthreaded hydroxy-apatite coated 
and titanium coated implants in rabbit bone. International 
Journal of Oral and Maxillofacial Implants 7: 485-490.
de Groot, K., Wolke, J.G.C. & Jansen, J.A. (1994) State of the 
art: Hydroxyl apatite coatings for dental implants. Journal of  
Oral Implantology 20 (3): 232-234.
Hulshoff, J.E.G., van Dijk, K., van der Waerden, J.P.C.M., 
Wolke, J.G.C., Ginsel, L.A. & Jansen, J.A. (1995) Biological 
evaluation of the effect of magnetron sputtered Ca/P coat­
ings on osteoblast-like cells in vitro. Journal of Biomedical 
Materials Research 29: 967-975.
Hulshoff, J.E.G., van Dijk, K„ van der Waerden, J.P.C.M., Kalk, 
W. & Jansen, J.A, (1996a) A histological and histomorpho­
metrical evaluation of screw-type calcium phosphate (Ca-P) 
coated implants: an in vivo experiment in maxillary cancel­
lous bone of the goat. Journal of Materials Science: Materi­
als in Medicine, 7: 10, 603-609'.
Hulshoff, J.E.G., van Dijk, K„ de Ruijter, J.E., Rietveld, F.J.R., 
Ginsel, L.A. &. Jansen, J.A. (1996b) Interfacial phenomena: 
an in vitro study to the effect of calcium phosphate (Ca-P) 
ceramic in bone formation. Journal of Biomedical Materials 
Research, sub mi tted.
Hulshoff, J.E.G., van Dijk, K., van der Waerden, J.P.C.M., 
Wolke, J.G.C., Kalk, W. & Jansen, J.A. (1996c) Evaluation 
of plasma-spray and magnetron-sputter Ca-P-coatcd im­
plants: An in vivo experiment using rabbits. Journal of Bio­
medical Materials Research 31: 329-337.
Kangasniemi, I.M.O., Verheyen, C.C.P.M., van der Velde, E.A.
& de Groot, K. (1994) In vivo tensile testing of fluorapatite 
and hydroxyl apatite plasma-sprayed coatings. Journal of 
Biomedical Materials Research 28: 563-572.
399
Hulshoff & Jansen
Klein, C.P.A.T, Wolke, J.G.C. & de Groot, K. (1993) Stability 
of Calcium Phosphate Ceramics and Plasma Sprayed Coat­
ing, In; Hench, L.L. & Wilson, J., eds. An introduction to 
bioceramics, Advanced Series in Ceramics Vol.l, 199-221. 
Singapore: World Scientific Publishing Co.
Klein, C.P.A.T., Sauren, Y.M.H.F., Modderman, W.E, & van der 
Waerden, J.P.C.M. (1994) A new saw technique improves 
preparation of bone sections for light and electron microsco­
py. Journal of Applied Biomaterials 5: 369-373.
LeGeros, R.Z. & Craig, R.G. (1993) Strategies to affect bone 
remodeling: Osteointegration. Journal of Bone and Mineral 
Research 8 (2): 583-596.
van der Lubbe, Klein, C.P.A.T. & de Groot, K. (1988)
A simple method for preparing thin (10 fim) histological sec­
tions of undecalcified plastic embedded bone with implants. 
Stain Technology 63: 171-177.
Wennerberg. A., Albrektsson, T. & Andersson, B, (1995a) An 
animal study of c.p. titanium screws with different surface 
topographies. Journal of Materials Science; Materials in 
Medicine 6: 302-309.
Wennerberg, A., Albrektsson, T., Albrektsson, B. & Krol, J.J. 
(1995b) A histomorphometric and removal torque study of
screw-shaped titanium implants with three different surface 
topographies. Clinical Oral Implants Research 6: 24-30.
Wennerberg, A., Albrektsson, T., Johansson, C. & Andersson, 
B. (1996) Experimental study of turned and grit-blasted 
screw-shaped implants with special emphasis on effects of 
blasting material and surface topography. Biomaterials 17: 
15-22.
Wheeler, S.L. (1996) Eight-year clinical retrospective study of 
titanium plasma-sprayed and hydroxy apatite coated cylinder 
implants. International Journal of Oral and Maxillofacial
Implants Vol.11,3: 340-350.
Wolke, J.G.C., van Dijk, K., Schaeken, H.G., de Groot, K. & 
Jansen, J.A. (1994) Study of the surface characteristics o f . 
magnetron-sputter calcium phosphate coatings. Journal of  
Biomedical Materials Research 28: 1477-1484.
Wolke, J.G.C., de Blieck-Hogervorst, J.M.A., Dhert, W.J.A., 
Klein, C.P.A.T. & de Groot, K, (1992) Studies on the thermal 
spraying of apatite bioceramics. Journal of Thermal Spray 
Techniques 1: 75-82.
400
